IN-CYLINDER DIRECT-INJECTION ENGINE AND CYLINDER HEAD 

BACKGROUND OF THE INVENTION 

5 The present invention relates to an in-cylinder direct- 

injection engine and a cylinder head. 

A typical inner wall of the cylinder head of an in- 
cylinder direct-injection engine has valve openings that are 
10 opened and closed with intake and exhaust valves, and an 

injection port for allowing fuel injected by an injector to 
enter the cylinder. Part of the inner wall about each valve 
opening forms a valve seat that contacts the corresponding 
valve . 

15 

The inner wall of a cylinder head disclosed in Japanese 
Laid-Open Patent Publication No. 6-81657 has a notch extending 
from an injection port. The notch prevents fuel injected from 
the injector from colliding with the cylinder head, that is, 

20 from interfering with the cylinder head. In the technique 

disclosed in the publication, the injection port is located in 
a part of the inner wall that is close to the periphery of the 
cylinder. The injector injects fuel in a direction away from 
the valve openings. The notch extends in a direction away 

25 from the valve openings to correspond to the injection 
direction. 

The technique of. the above publication permits a notch to 
be formed only for preventing injected fuel from interfering 
30 with the cylinder head. However, depending on the direction 
of the fuel injection, forming a notch can result in an 
insufficient thickness of the cylinder head at a valve seat 
about a valve opening adjacent to the injection port. 



35 



SUMMARY OF THE INVENTION 
- 1 - 



Accordingly, it is an objective of the present invention 
to provide an in-cylinder direct-injection engine and a 
cylinder head that guarantee a sufficient thickness of the 
5 cylinder head at a valve seat. 

To achieve the above-mentioned objective, the present 
invention provides an engine. The engine includes a cylinder 
block having a cylinder. A cylinder head is attached to the 

10 cylinder block. The cylinder head has an inner wall that 
closes an opening of the cylinder. The engine further 
includes at least one intake valve provided in the cylinder 
head and at least one exhaust valve provided in the cylinder 
head. An injector is provided in the cylinder head. The 

15 injector injects fuel into the cylinder. The inner wall of 
the cylinder head has at least two valve openings, an 
injection port, and a notch. Each valve opening corresponds 
to one of the intake and exhaust valves, and is opened and 
closed by the corresponding valve. Fuel injected by the 

20 injector passes through the injection port. The notch is 

formed in a part of the inner wall that defines the injection 
port. The notch prevents fuel injected by the injector from 
interfering with the cylinder head. When the inner wall is 
viewed along an axis of the cylinder, a line that passes 

25 through a center of the injection port and a center of one of 
the valve openings that is adjacent to the injection port, or 
the center of an adjacent valve opening, is defined as a first 
line, and a line that is perpendicular to the first line is 
defined as a second line. When the inner wall is divided into 

30 sections by the second line, the notch is located in the 

section in which the adjacent opening exists. The notch is 
displaced from the first line. 

Other aspects and advantages of the invention will become 

35 apparent from the following description, taken in conjunction 
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with the accompanying drawings, illustrating by way of example 
the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

The invention, together with objects and advantages 
thereof, may best be understood by reference to the following 
description of the presently preferred embodiments together 
with the accompanying drawings in which: 

10 

Fig. 1 is a cross-sectional view illustrating a 
combustion chamber and the surrounding portion of an in- 
cylinder direct-injection engine according to one embodiment 
of the present invention; 

15 Fig. 2 is an enlarged view along a cross-section 

different from Fig. 1, illustrating the injector and the 
injection port of the cylinder head shown in Fig. 1; 

Fig. 3(A) is a view illustrating the inner wall of the 
cylinder head of Fig. 1, as viewed from the piston; 

20 Fig. 3(B) is an enlarged view illustrating the injection 

port and the surrounding portion of the cylinder head shown in 
Fig. 3(A); 

Fig. 3(C) is a view illustrating the inner wall of a 
cylinder head according to a modified embodiment of the 
25 present embodiment; and 

Fig. 3(D) is a view illustrating the inner wall of a 
cylinder head according to another modified embodiment of the 
present embodiment . 

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One embodiment of the present invention will now be 
described with reference to the drawings. 
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As shown in Fig. 1, an in-cylinder direct-injection 
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engine includes a cylinder block 1 having a cylinder la, a 
piston 2 that reciprocates in the cylinder la, and a cylinder 
head 3 fixed to the upper end face of the cylinder block 1. 
The upper end face of the piston 2 and an inner wall 3a of the 
5 cylinder head 3 define a combustion chamber 4 in the cylinder 
la. 

As shown in Figs. 1 and 3(A), the cylinder head 3 has a 
first intake valve 6-1, a second intake valve 6-2, and a pair 

10 of exhaust valves 7. As viewed in Fig. 3(A), the first intake 
valve 6-1 is located in an upper section, and the second 
intake valve 6-2 is located in a lower section. The inner 
wall 3a of the cylinder head 3 has a first intake opening 12a- 
1, a second intake opening 12a-2, and a pair of exhaust 

15 openings 13a. The first intake opening 12a-l is opened and 
closed by the first intake valve 6-1. The second intake 
opening 12a-2 is opened and closed by the second intake valve 
6-2. The exhaust openings 13a are opened and closed by the 
exhaust valves 7 . 

20 

A valve seat is formed about each of the valve openings 
12a-l, 12a-2, 13a. Each of the valves 6-1, 6-2, 7 contacts 
the corresponding valve seat. A spark plug 10 is located in a 
part of the inner wall 3a that substantially corresponds to 

25 the axis of the cylinder la. The openings 12a-l, 12a-2, 13a 

are located about the spark plug 10. The intake openings 12a- 
1, 12a-2 are adjacent to each other, and the exhaust openings 
13a are adjacent to each other. The cylinder head 3 has a 
pair of intake ports 12 that extend from the intake openings 

30 12a-l, 12a-2, respectively. The cylinder head 3 also has a 

pair of exhaust ports 13 that extend from the exhaust openings 
13a. 



The cylinder head 3 has an injector accommodating hole 15 

35 at the opposite side of the intake ports 12 with respect to 
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the spark plug 10. An injector 14 is accommodated in the 
injector accommodating hole 15. The inner wall 3a of the 
cylinder head 3 has an injection port 17 for connecting the 
injector accommodating hole 15 with the combustion chamber 4. 
5 The injection port 17 is located at a part of the inner wall 
3a that is close to the periphery of the cylinder la. The 
injection port 17 is adjacent to and equally spaced from the 
intake openings 12a-l and 12a-2. 

10 As shown in Figs. 1 and 2, a portion of the injector 14 

from which fuel is injected, or a distal end 14a, is recessed 
in the cylinder head 3 relative to the inner wall 3a. The 
distal end 14a faces the combustion chamber 4 through the 
injection port 17, and injects fuel into the combustion 

15 chamber 4 through the injection port 17. In Fig. 2, an axis 
16 of the injector accommodating hole 15 is indicated by 
alternate long and short dash line. The injector 14 injects 
fuel in directions 19 that are inclined relative to the axis 
16. 

20 

As the piston 2, the intake valves 6-1, 6-2, the exhaust 
valves 7, the spark plug 10, and the injector 14 operate by a 
predetermined timing, suction, compression, combustion, and 
exhaust strokes are repeated to generate power of the engine. 

25 

As shown in Fig. 2, a first notch 18a-l and a second 
notch 18a-2 are formed in parts of the wall surface defining 
the injection port 17 that face fuel injected by the injector 
14. Each of the notches 18a-l, 18a-2 extends along the axis 
30 16 from the inner wall 3a to a section that corresponds to the 
distal end 14a of the injector 14. 



As shown in Fig. 3(A), when the inner wall 3a is viewed 

along an axial direction of the cylinder la, that is, when the 

35 inner wall 3a is viewed from the piston 2, a straight line 

- 5 - 



connecting centers Cl-1, Cl-2 of the intake openings 12a-l, 
12a-2 is referred to as a line LA. On the inner wall 3a, the 
injection port 17 is located radially outside of the line LA 
in the cylinder la. The notches 18a-l, 18a-2 extend parallel 
5 to the line LA and in opposite directions from the injection 
port 17 by 180° with respect to each other. The first notch 
18a-l extends upward from the injection port 17 as viewed in 
Fig. 3(A). The second notch 18a-2 extends downward from the 
injection port 17 as viewed in Fig. 3(A). The injector 14 
10 injects fuel along a direction in which the first notch 18a-l 
extends relative to the injection port 17 and a direction in 
which the second notch 18a-2 extends relative to the injection 
port 17. 

15 The notches 18a-l, 18a-2 prevent fuel from the injector 

14 from interfering with the cylinder head 3, or wall surfaces 
defining the injection port 17. Therefore, fuel sprayed by 
the injector 14 is efficiently mixed with air in the 
combustion chamber 4 and then combusted in a favorable manner. 

20 

As shown in Fig. 3(B), when the inner wall 3a is viewed 
along the axial direction of the cylinder la, a straight line 
connecting a center C2 of the injection port 17 and the center 
Cl-1 of the first intake opening 12a-l is referred to as a 
25 first line Ll-1, a line that extends from the center C2 and is 
perpendicular to the first line Ll-1 is referred to as a 
second line L2 . 



Suppose the inner wall 3a is divided into sections by the 

30 second line L2, the first notch 18a-l is located in the 

section in which the first intake opening 12a-l exists. The 

first notch 18a-l is displaced from the first line Ll-1. That 

is, the first notch 18a-l is oriented in a direction between 

the first line Ll-1 and the second line L2 . In other words, 

35 the first notch 18a-l is displaced from a direction from the 

- 6 - 



injection port 17 toward the center of the first intake valve 
6-1. Put another way, the first notch 18a-l is displaced from 
a straight line connecting the axis 16, which coincides with 
the axis of the injector 14, and the axis of the first intake 
5 valve 6-1. 

As a comparison example, an imaginary notch 118 is shown 
in Fig. 3(B). The imaginary notch 118 has the same size as 
the first notch 18a-l. Suppose the inner wall 3a is divided 

10 into sections by the second line L2, the imaginary notch 118 
is located in the section in which the first intake opening 
12a-l exists. Also, the imaginary notch 118 extends along the 
first line Ll-1. The shortest distance Dl from the first 
notch 18a and the first intake opening 12a-l is longer than 

15 the shortest distance D2 from the imaginary notch 118 to the 
first intake opening 12a-l. Therefore, the first notch 18a-l 
prevents the thickness of a section corresponding to the valve 
seat of the first intake valve 6-1 from being reduced. 
Therefore, a sufficient thickness of the section corresponding 

20 to the valve seat of the first intake valve 6-1 is easily 
ensured. 



"A state in which the first notch 18a-l is displaced from 
the first line Ll-1" does not refer to a state in which the 
25 first notch 18a-l does not overlap the first line Ll-1 at all, 
but refers to a state in which the apex Tl of the first notch 
18a-l, that is, a section that is farthest from the injection 
port 17, is displaced from the first line Ll-1, that is, from 
the apex T2 of the imaginary notch 118. 

30 

As shown in Fig. 3(A), when the inner wall 3a is divided 
by a line that is perpendicular to the first line Ll-2, which 
passes through the center Cl-2 of the second intake opening 
12a-2 and the injection center C2, the second notch 18a-2 is 
35 located in the section in which the second intake valve 6-2 



exists. Also, the second notch 18a-2 is displaced from the 
first line Ll-2. Therefore, the thickness of a section 
corresponding to the valve seat of the second intake valve 6-2 
is prevented from being reduced. 

5 

Particularly, in this embodiment, the distal end 14a of 
the injector 14 is recessed in the cylinder head 3 with 
respect to the inner wall 3a so that the distal end 14a is not 
exposed to high temperature combusted gas, that is, so that 

10 deposit is prevented from collecting on the distal end 14a. 

Therefore, to prevent injected fuel from interfering with the 
cylinder head 3, the notches 18a-l, 18a-2 need to be larger 
than a case where the distal end 14a is located in the same 
plane as the inner wall 3a. Since notches 18a-l, 18a-2 are 

15 both displaced from the first lines Ll-1, Ll-2, the 

requirement for a sufficient thickness of the sections 
corresponding to the valve seats of the intake valves 6-1, 6-2 
and the requirement for sufficient sizes of the notches 18a-l, 
18a-2 are simultaneously satisfied. 

20 

To satisfy the requirement of a sufficient thickness of 
the sections corresponding to the valve seats of the intake 
valves 6-1, 6-2, the sizes of the notches 18a-l, 18a-2 are 
preferably minimized in a range that prevents injected fuel 

25 interfering the cylinder head 3. Therefore, the shapes and 
the sizes of the notches 18a-l, 18a-2 are determined in 
consideration of the area of fuel sprayed from the injector. 
When considering the area of sprayed fuel, it is preferable to 
consider the fact that sprayed fuel in the combustion chamber 

30 4 acts according to the engine load and the engine speed and 
in a manner different from a state under the atmospheric 
pressure . 

The invention may be embodied in the following forms. 

35 
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The notches 18a-l, 18a-2 may be modified as shown in 
Figs. 3(C) and 3(D). In the modification of Fig. 3(C), a pair 
of notches 18b are like thin slits and extend substantially 
parallel to the line LA. 

5 

In the modification of Fig. 3(D), a single notch 18c 
extends toward a space between the intake openings 12a-l and 
12a-2. That is, the notch 18c extends toward the spark plug 
10. In other words, the notch 18c extends perpendicular to 
10 the line LA. In this case, the injector 14 injects fuel 

toward the space between the intake openings 12a-l, 12a-2. 
That is, fuel is injected toward the center of the inner wall 
3a as viewed along an axis of the cylinder la. 

15 The number of the injector 14 in the cylinder head 3 is 

not limited to one. That is, two or more injectors may be 
provided in the cylinder head 3. 



Only one intake valve or three or more intake valves may 
20 be provided in the cylinder head 3. Likewise, only one 

exhaust valve or three or more exhaust valves may be provided. 



The injection port 17 may be located adjacent to the 
exhaust valves 7. Alternatively, the injection port 17 may be 
25 located adjacent to both of the intake valve 6 and the exhaust 
valve 7 . 

The present examples and embodiments are to be considered 
as illustrative and not restrictive and the invention is not 
30 to be limited to the details given herein, but may be modified 
within the scope and equivalence of the appended claims. 
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